In the paper by Xu et al., the authors state that there were 20 patients in our study and that these patients had cerebellar hemorrhage. The conclusion of our study is stated as "no improvement in hematoma removal." 2 I regret to say that this is not correct. Our study focused on 7 patients who underwent endoscopic evacuation of a posterolateral type of thalamic hemorrhage, which had ruptured into the trigone of the lateral ventricle and caused acute hydrocephalus. In our Conclusion 1 we stated the following:
I regret to say that this is not correct. Our study focused on 7 patients who underwent endoscopic evacuation of a posterolateral type of thalamic hemorrhage, which had ruptured into the trigone of the lateral ventricle and caused acute hydrocephalus. In our Conclusion 1 we stated the following:
Use of a polypropylene endoscopic sheath in combination with an endoscope and an approach from Keen's point to the collateral trigone of the lateral ventricle can improve the efficiency of thalamic hematoma evacuation and prevent shuntdependent hydrocephalus.
We would like to comment on several aspects of the recently published study by Garrett et al., which was completed nearly 5 years ago.
First, although the authors are arguably correct for using conventional angiography as the gold standard ancillary test for this study, different criteria were used for CTA and cerebral angiography for the determination of BD. The simplified 4-point criteria used by Frampas et al. 1 are insufficient, as they do not evaluate for flow in the intracranial internal carotid arteries or in the posterior circulation whatsoever. Conventional angiography evaluates for arrest of flow at the point of entry of all arteries intradurally, both in the anterior and posterior circulations. Why would CTA not be held to the same standard? Evaluation of the posterior circulation is of particular importance in this assessment.
Second, their cerebral angiography criteria for no flow beyond the petrous segment of the carotid artery are debatable because others may claim that cavernous segment filling is allowed, as both are still extradural. If anything, it illustrates the difficulty in defining lack of intracranial flow.
Third, all of the patients in the study underwent clinical determination of BD, but some could not undergo the complete clinical evaluation due to an inability to complete apnea testing or the presence of other confounders. The authors begin with 22 patients in the study, but, in actuality, only 18 patients had a complete "formal diagnostic workup for BD." Of these 18 patients, only 16 actually met the clinical criteria for BD. Thus, it appears that only 16 patients actually met the criteria for enrollment in the study. However, it further turns out that, of these 16 patients, 9 could not undergo complete clinical testing. Thus, in truth, only 7 patients were actually clinically brain dead and underwent subsequent conventional angiography and CTA. The clinical examination cannot be said to be one of the gold standards for this study based on only 7 patients fulfilling the criteria. (Furthermore, 1 patient who underwent CTA experienced cardiac arrest prior to undergoing conventional angiography, and we do not know the details of that case, which may further reduce the study's numbers.) Moreover, how do the clinicians interpret their finding that 3 of 9 cerebral angiogram studies with no flow actually did show flow on CTA? Is this not indicative of tremendous variability in technique?
Putting this aside, the authors proceed to put forth findings that they had 100% specificity and 75% sensitivity for BD using CTA, but they do not present confidence intervals or p values. This is because the findings are not statistically significant, and the methods are not sound. The findings would be even more concerning if the total number of appropriate patients included in the study was only 7, as illustrated above.
It is important to keep in mind important differences between conventional angiography and CTA. Conventional angiography for BD utilizes a power injection, allowing for good visualization of any intracranial arterial flow under pressure. Conversely, CTA is a venous injection, not under pressure, and thus the timing of the contrast bolus to the brain, especially under circumstances of elevated intracranial pressure, might be quite delayed. Conventional angiography is dynamic imaging; CTA is relatively static, and, if the contrast bolus is not timed correctly, intracranial filling could be missed. This especially could be the case in patients with depressed cardiac output, which is quite often the case with brain-dead patients. 3, 4 We do note that the authors built in a 60-second delay after contrast injection before scanning, which seems reasonable, but, to our knowledge, this is not a validated or universally accepted standard. More broadly, even the imaging reference standard of catheter angiography is subject to variability, as the extent of skull base and intracranial arterial opacification can depend much on the catheter tip position relative to the carotid bifurcation and vertebral artery origins, presence or absence of carotid or vertebral artery stenotic disease, and contrast material injection rates and volumes.
Finally, the single neuroradiologist was not blinded to the clinical data or the findings of cerebral angiography, introducing a significant bias. A more rigorous study should include blinded evaluations of all imaging studies and multiple reviewers with appropriate clinical expertise.
As the authors note, false positives with CTA have been reported, and, based on the findings from these authors, we should not have an increased sense of security in the value of CTA in BD. The possibility of false positives remains quite real, and, without adequate study, CTA should not be utilized in the evaluation of BD as an ancillary test. We would be very concerned if this paper were to lead to incorporating CTA in BD determination in US practice, despite the authors' repeated claims that their decisions are based on a clinical examination. In fact, they are not based on clinical examination, since the authors used cerebral angiography or CTA in patients with confounders ("10 positive urine toxicology"). The broader point is that, for neurosurgeons, this paper is not a justifying reason to use CTA, and there is no "compelling argument" to include CTA in future national guideline revisions.
Response
We appreciate the interest and comments of Drs. Greer, Wijdicks, and Kaufmann regarding the justification and use of CTA as an ancillary test for determination of BD, particularly in comparison with cerebral angiography findings.
Despite cerebral angiography being the largely accepted gold standard ancillary test for the evaluation of intracranial circulation for BD and its demonstrated utility over several decades, no uniform protocols include the procedure or its interpretation. As Greer and colleagues point out, catheter placement (aortic arch vs selective carotid or vertebral arteries), contrast volume, injection rate and pressure, and image acquisition rate and duration all have the potential to influence results.
The interpretation criteria of BD also lack uniformity. The American Academy of Neurology (AAN) standards published in 1995 state that, with conventional angiography, BD consists of "No intracerebral filling at the level of the carotid bifurcation or circle of Willis" (http://www. onelegacy.org/docs/AmericanAcademyNeurology_Brain DeathDetermination_1995.pdf). However, whether "carotid" refers to the common carotid artery or to the internal carotid artery is not specified. In the 2010 update, this criterion was changed to "No intracerebral filling should be detected at the level of entry of the carotid or vertebral artery to the skull" (https://www.aan.com/Guidelines/ Home/GetGuidelineContent/816).
In their letter, Drs. Greer, Wijdicks, and Kaufmann state, "Conventional angiography evaluates for arrest of flow at the point of entry of all arteries intradurally, both in the anterior and posterior circulations." We agree that the terminology for defining intracranial flow can be problematic. Moreover, on the basis of CTA studies, including our own, a requirement of "no intracranial flow" might be overly stringent because basal arterial segment filling ("stasis filling") may be present in the absence of functional cerebral circulation. This finding, when present, is likely due to the increased sensitivity of CTA to small amounts of intravascular contrast and/or the relative delay of CTA images in BD (about 60 seconds postinjection) compared with the delay of cerebral angiography images (about 10-20 seconds postinjection). Although we did evaluate our patients for flow in the vertebral and basilar arteries using the 4-point scale of Frampas et al., 1 we believe that doing so was justified because their large multicenter series validated the scale as a method for diagnosing the absence of an intact intracranial circulation.
Regarding the claim of Greer et al. that our study included only 7 patients who met BD criteria, this point disregards the gold standard against which we compared our CTA results. As we stated previously, the gold standard diagnosis of BD that we used was clinical assessment alone or clinical assessment plus conventional cerebral angiography in the presence of confounding factors (most often, a positive urine toxicology result). Our stated numbers therefore hold true to the gold standard, and our subsequent statistical analyses are correct.
The larger issue underlying the entire topic of BD testing is whether we, as physicians, actually know what we are assessing. The 1981 Uniform Determination of Death Act (http://www.uniformlaws.org/shared/docs/determina tion %20of%20death/udda80.pdf) states that "An individual who has sustained either 1) irreversible cessation of circulatory and respiratory functions, or 2) irreversible cessation of all functions of the entire brain, including the brain stem, is dead. A determination of death must be made in accordance with accepted medical standards." The courts and the legal system may define the standard of BD, but we in the medical community are left to determine the exact criteria to use to identify patients who meet that standard. We therefore add to these short criteria the need to confirm the permanency of cessation of entire brain and brainstem function.
Most people believe that the AAN 2010 criteria are the standard, but there is tremendous variability in the interpretation of these criteria. 2 More importantly, some courts have questioned the criteria, including the Supreme Court of the State of Nevada, which recently declared, "We are not convinced that the AAN guidelines are considered the accepted medical standard" that can adequately measure all functions of an entire brain. 4 This controversy is not surprising in light of the number of inconsistencies between the AAN criteria of 1995 and the AAN criteria of 2010, with no explanation for why these changes occurred, such as minimum required body temperature ≥ 36.5°C versus > 36.0°C, systolic blood pressure ≥ 90 mm Hg versus ≥ 100 mm Hg, no formal recommendation on an acceptable period of elapsed time to verify permanency of symptoms (in either set of guidelines), variability in apnea testing (in 1995 it was acceptable to declare BD if the patient became unstable during apnea testing as long as the patient had a PCO 2 ≥ 60 mm Hg and no respirations, yet in 2010 this same scenario required confirmatory testing), and no comment on the tremendous limitations (arguably disqualifying) of electroencephalography and transcranial Doppler ultrasonography in BD testing.
The AAN guidelines rest on an inherently incorrect assumption that by performing such clinical tests, we can diagnose death (or cessation of function) of the entire brain and brainstem; Wijdicks and Pfeifer 5 demonstrated beautifully in their pathology analysis of clinically brain-dead patients that the AAN criteria do not sufficiently confirm death of the entire brain and brainstem. Furthermore, Rady and Verheijde 3 pointed out in their commentary that the AAN clinical criteria do not so much describe BD as they do a severe neurological disability, which is proven, 5 in as many as 60% of cases, not to equate with biological death.
To make progress on this highly complex issue, we must redefine what BD means within the context of prognosis, not as a false notion of histopathological death. We must also recognize the shortcomings of the current clinical guidelines in modern-day practice, that is, that many patients experience BD with depressant drugs in their systems, severe comorbidities, disfiguring injuries that make cranial nerve testing impossible, and a myriad of other confounders. Confirmatory tests are necessary because so many patients have confounding factors present within a time frame that is both amenable to organ transplantation and compassionate to family members who are looking to their physicians for concrete information and guidance in a particularly difficult situation. We remain confident that Recently, we published a systematic review of the role of computed tomography angiography (CTA) in the diagnosis of brain death (BD). 1 In this review, according to the quality tools applied, the studies retrieved from online databases (MEDLINE, the Cochrane Library, Embase, and LILACS) were of low quality, especially because of the potential for patient selection bias. In these studies, CTA examiners were not blinded to patient clinical status, and there were no eligible controls, with the latter being the reason that CTA specificity has not been calculated. Furthermore, in many situations, the time interval between clinical testing for BD and CTA scanning was excessively long, and the CTA images were evaluated by a radiologist who knew that the clinical evaluation revealed findings that were positive for BD; consequently, there was no possibility to assess interobserver heterogeneity. The authors of 2 studies did not perform venous-phase scanning. 1 Despite all limitations and statements above, our review, plus 2 other systematic reviews, 3, 6 found an 85%-87% sensitivity of CTA for detecting intracranial circulatory arrest, concluding that this technique could be applied as an ancillary test for BD diagnosis. To date, the American Academy of Neurology 8 has not approved the use of CTA for BD diagnosis.
The study of Garrett et al., 2 despite a small control group sample (n = 2), is the first to include eligible critically injured neurological patients who did not meet all neurological criteria for BD. This study found 100% specificity, which is of great importance, because ancillary testing should never indicate circulatory arrest in a patient in a deep coma who does not fulfill clinical neurological criteria for BD diagnosis.
The authors used the 4-point CTA scale recommended by the French Society of Neuroradiology, 4 which considers CTA positive for BD in the absence of opacification of distal middle cerebral arteries (MCAs) and internal cerebral veins. Recently, the current 4-point scale has been revised, 5 indicating a lack of blood flow in the deep brain drainage as the most reliable criterion to determine intracranial circulatory arrest. Nevertheless, these criteria have not been studied in cases of deep venous thrombosis, which hypothetically could preclude the use of CTA for this purpose due to the potential for false-positive results. However, false-negative results may be seen in patients with skull defects, decompressive craniectomy, or large cerebral resection, which may delay the collapse of the MCAs and allow them to remain filled with contrast. It is important to consider that cerebral circulatory arrest is linked to critical intracranial pressure; thus, all methods that assess cerebral circulation may need variable amounts of time to detect intracranial circulatory arrest.
CTA has advantages over other techniques that are currently approved for diagnosing BD. The cost is lower and the availability is greater than those for digital subtraction angiography (DSA), scintigraphy, nuclear medicine perfusion test, and SPECT. Moreover, CTA is not operator dependent and demands a lower contrast volume, which is infused through a peripheral vein. However, there are some limitations associated with this technique that may restrict its use, such as patient transportation from the intensive care unit to the CTA unit, and renal failure, although some studies have demonstrated that venous contrast might not affect the results of kidney transplantation. In the study by Garrett et al., 2 there is the potential for bias due to the lack of blinding in patient selection and the absence of blinding of the radiologist, who knew the patients' neurological status; all patients underwent clinical assessment for BD prior to CTA scanning. For the sample of 11 patients who did not fulfill clinical criteria for BD (1 patient had cardiac instability during apnea testing and 10 patients had CNS depressors within their systems), the comparison of CTA with DSA findings was appropriate for study purposes, although for daily practices, BD diagnosis is primarily clinical, and the ancillary test should not replace clinical evaluation; rather, they are complementary.
A diagnosis of BD will lead to withdrawal of all support and intensive care; therefore, such a determination cannot tolerate incorrect results. As Garrett et al. 2 men-tioned, this diagnosis is essentially clinical, and ancillary tests will be applied in specific circumstances when the clinical assessment for BD cannot be completed. However, some countries around the world consider ancillary testing mandatory in all BD cases 1 as a useful register for legal issues. Currently, there is ongoing research on this subject, which is registered with ClinicalTrials.gov (registration no. 12500913400000068). In this trial, comatose patients with Glasgow Coma Scale scores ≤ 5 underwent CTA scanning and transcranial Doppler (TCD) ultrasonography. Arterial and venous images were obtained, and 2 blinded neuroradiologists analyzed CTA images; the TCD operator was also blinded. After CTA and TCD acquisition, neurological assessment was completed with efforts to allow only a short time between tests, from pupillary to apnea testing, and patients were stratified based on whether clinical criteria for BD were positive or not. Finally, the study of Garrett et al. 2 is the first to be considered of higher quality on this subject. Further studies with a similar design are needed. Function outcome related to aggressive surgery for meningioma?
Sergio Brasil, MD, MSc
TO THE EDITOR: We read with interest the article by Gousias et al. 1 (Gousias K, Schramm J, Simon M: The Simpson grading revisited: aggressive surgery and its place in modern meningioma management. J Neurosurg 125:551-560, September 2016). The authors retrospectively analyzed 901 patients with primary meningiomas. They found that more aggressive resections (Simpson grade I vs II vs III vs IV) were associated with a better, rather than a lower, postoperative performance score and that new postoperative neurological deficits or worsening preexisting ones also correlated inversely with the Simpson grade. Finally, they identified a younger age, higher preoperative performance score, and convexity tumor location-but not the degree of resection-as independent predictors of a good functional outcome. However, we believe some points require clarification.
Ouyang et al. performed a study and identified complete resection, rich blood supply, tumor adhesion, and encasement as prognostic factors for a worse postoperative Karnofsky Performance Scale (KPS) score. 3 Tumor adhesion and encasement affect the degree of resection, but these factors were not included in the study conducted by Gousias et al., which resulted in different conclusions.
On the other hand, the KPS score can vary with time after surgery. 2 The functional outcome in the perioperative period can be different from that in the long-term followup. Functional outcome should be analyzed by subgroup analysis according to values of the KPS score in the different periods.
In the case of multiple meningiomas, Gousias et al. analyzed only 1 meningioma per patient. But how did they select the target meningioma? Selection of the target meningioma would introduce bias, and the excluded meningiomas could affect the functional outcome. Furthermore, 58 patients were diagnosed with multiple meningiomas, and patients with a neurofibromatosis Type 2 (NF2) diagnosis should have been excluded, but the criteria for patient selection did not mention this point.
In conclusion, degree of resection as a prognostic factor for functional outcome is still controversial, and further study must be performed. Radical resection is the most important treatment for meningioma. While the risk of surgery should not be ignored by neurosurgeons and incomplete resection should be considered as an acceptable option, quality of life has surpassed other considerations.
Disclosures
The authors report no conflict of interest.
Response
We thank Shan et al. for their thoughtful comments on our article. They concluded that while a radical resection remains the therapy of choice for many patients with meningiomas, incomplete resections should be considered as an acceptable alternative in cases in which aggressive surgery carries increased surgical risks. Quality of life issues may be as important or even more important in meningioma surgery than aiming at a surgical cure.
We certainly agree with Shan et al. However, we could show in our study that a policy of aggressive resection is not necessarily associated with adverse functional outcomes. In our series, more radical resections (Simpson grade I vs II vs III vs IV) correlated with a better, rather than a worse, postoperative KPS score (good functional outcome defined as a KPS score of 90 or 100) in the univariate analysis. This may partially reflect the fact that our cohort included many patients with "easy to resect" tumors, such as meningiomas of the convexity, who usually demonstrate a high postoperative KPS score even after aggressive resections. Indeed, after adjustment for the meningioma site in the multivariate analysis, the degree of resection was no longer a significant predictor of the postoperative KPS score.
Hence, our data do not contradict the (in fact, somewhat conflicting) results published by Ouyang et al. 2 and Li et al. 1 In contrast to us, these authors analyzed postoperative outcomes in meningioma subgroups defined by tumor site, that is, in a series of 53 patients with sphenoid meningiomas and 185 patients with foramen magnum meningiomas, respectively. Of note, surgery for skull base meningiomas is associated with above-average surgical risks. Operations for foramen magnum tumors carried an increased risk for an adverse functional outcome in our series. We did not analyze factors such as blood supply, encasement of major neurovascular structures, or characteristics of the surgical cleavage plane for their impact on the patients' postoperative outcomes. In our view, the major impact of tumor site on such items somewhat precludes their study in a large, unselected meningioma cohort.
Shan et al. also commented on the lack of long-term outcome data. We readily accept this criticism. Indeed, we have specifically mentioned this as one of the limitations of our study. However, functional deficits tend to improve over time. Hence, one would expect long-term studies to show fewer persistent adverse effects, to identify more recurrences, 3 and thus to favor aggressive surgical management. Shan and coworkers also point to the problem of including patients with multiple meningiomas (and NF2) in our analysis. We have tried to account for these issues by treating tumor multiplicity as a confounding variable statistically. Of note, only 58 of our patients (6.4%) were diagnosed with more than 1 tumor either initially or during follow-up. Nevertheless, we have repeated our statistical analysis after excluding the latter patients. The results were essentially the same as in the overall cohort (data not shown).
Our study primarily aimed at demonstrating the oncological relevance of aggressive resections since this practice has been recently challenged. 4 We did not question whether aggressive surgery could result in relevant morbidity. Rather, we feel that the relation between surgical aggressiveness and adverse outcomes depends heavily on the specifics of the various tumor sites and individual tumor characteristics. Hence, as evidenced by our data and despite the limitations of our analysis, we believe that neurosurgeons should not be deterred from pursuing aggressive meningioma resections whenever such a strategy appears reasonably safe. recent article by Raymond et al. 2 reporting on FIAT (the Flow Diversion in Intracranial Aneurysms Trial) and would like to congratulate them on their work (Raymond J, Gentric JC, Darsaut TE, et al: Flow diversion in the treatment of aneurysms: a randomized care trial and registry. J Neurosurg 127:454-462, September 2017). We found this article of particular value not only because of the authors' effort but also because of the trial's implications and consequent warnings to our neurovascular community related to liberal use of flow diverter devices (FDDs). A study that supports conclusions against current tendencies should be praised.
Four years ago, we performed, in our department, a systematic review and meta-analysis of data on the use of FDDs.
1 Our main conclusion was that these devices should be employed cautiously because the level of heterogeneity in the analyzed studies was too great to allow FDD placement to be considered a standard treatment for cerebral aneurysms. We recommended the use of more standardized treatments until the publication of conclusive trials, as has now happened with FIAT. Curiously, articles referencing our paper have usually misinterpreted it and have included it as a meta-analysis supporting the use of FFDs. As a matter of fact, we undertook that review alarmed by the unrestrained use of FDDs, extending far beyond the indication that they were initially approved for (the treatment of proximal internal carotid artery [ICA] aneurysms difficult to treat with standard interventions). With increasing frequency in many forums and papers, clinicians are encouraged to use FDDs for the treatment of even relatively small, simple aneurysms, including lesions distal to the ICA.
Currently, however, the situation is worsening with the continuous bombardment of information about the amazing virtues of new devices and new "eras": the FDD era, the Web era, the Medina era, and so on. The speed of appearance and introduction into medical practice of new endovascular devices is much faster than the capability of incorporating them into our practice, and we believe this situation is very dangerous. The neurovascular community should be cautious and avoid feeling overexcited immediately after the appearance of new theoretically perfect solutions. It is imperative that new regulations be adopted to control the use and abuse of unproven devices until their safe indications and technique can be adequately determined. It is good to remember that trials like ISAT only demonstrated efficacy of coiling compared to clipping and should not be interpreted as showing that any endovascular treatment is as good as or better than open surgery.
Finally, we would like again to congratulate Raymond and colleagues because their trial goes beyond their conclusions about the role of FDDs in the treatment of cerebral aneurysms. Their findings may be considered a red flag for the tendency to overestimate the virtues of new devices and techniques by comparing them against wellknown open or endovascular treatments supported by the passage of time.
